Objective: A more atherogenic lipid profile seen in peritoneal dialysis (PD) patients cannot fully explain the increased incidence of atherosclerosis in this population. Oxidative modification of low-density lipoproteins (LDL) is considered to play a central role in the atherogenic process, whereas high-density lipoprotein (HDL) protects LDL from oxidation. On the other hand, it has been suggested that LDL and HDL from PD patients are more resistant to oxidation than those from control subjects, while PD-HDL equally protects LDL from oxidation compared to control-HDL. Two HDL-associated enzymes have been shown to protect both LDL and HDL from oxidation: paraoxonase (PON1) and HDL-associated platelet-activating factor acetylhydrolase (HDL-PAF-AH). Furthermore, low PON1 activity and high total plasma PAF-AH concentration, which mainly represents the LDL-associated enzyme, have been shown to be independent risk factors for coronary artery events in the general population. However, there are limited data regarding possible alterations of these enzymes in PD patients. The aim of our study was to examine the possible alterations of PON1 and PAF-AH activities in patients undergoing PD.
INTRODUCTION
Patients undergoing peritoneal dialysis (PD) have a high incidence of accelerated atherosclerosis and coronary artery disease (CAD) [1, 2] . Studies have shown a higher prevalence of dyslipidemic risk factors associated with an increased risk of CAD, such as elevated levels of total cholesterol, low-density lipoprotein cholesterol (LDL-C), triglycerides and lipoprotein (a) [Lp(a)], and decreased levels of high-density lipoprotein cholesterol (HDL-C) in PD patients [3] [4] [5] [6] . However, these abnormalities cannot fully explain the increased incidence of CAD in this population. In this context, recent reports support a role for non-traditional cardiovascular risk factors, such as the elevated plasma concentrations of C-reactive protein [7] , or the effect of the apolipoprotein E gene polymorphisms [8] .
Oxidative modification of LDL is considered to play a key role in the atherogenic process [9] . On the other hand, it is well established that HDL plays a protective role against atherosclerosis [10] , while oxidized HDL loses its anti-atherogenic potential [11] .
In addition to its role in reverse cholesterol transport, HDL also exhibits anti-inflammatory and anti-oxidant properties. Two HDL-associated enzymes have been shown to contribute to these HDL properties, thus protecting both LDL and HDL from oxidation: paraoxonase (PON1) and HDL-associated platelet-activating factor acetylhydrolase (HDL-PAF AH). However, despite the higher incidence of atherosclerosis in PD patients, both LDL and HDL from these patients have been found to be more resistant to in vitro oxidation than lipoproteins from control subjects, while PD-HDL and control-HDL were equally effective in preventing cooper-mediated LDL oxidation [12] . Surprisingly, there are limited data regarding possible alterations of HDL-associated anti-oxidant enzymes in PD patients.
PON1 is an esterase that is exclusively associated with HDL (especially with a HDL subclass which also contains apolipoprotein AI and clusterin). PON1 can hydrolyze 5 oxidized phospholipids and cholesteryl ester hydroperoxides formed during lipoprotein peroxidation [13] . The PON1 gene is located on the long arm of chromosome 7. Two main genetic polymorphisms that determine PON1 activity have been described, one at position 55 (methionine/leukine, M55L) and the other at position 192 (glutamine/arginine, Q192R) [14] . The substrates for PON1 that have been mostly used in assays in vitro are paraoxon and phenylacetate. The latter is used to measure the arylesterase activity of PON1, which is considered to be a more accurate estimate of the PON1 mass. Interestingly, low serum PON1 activity toward paraoxon has recently been shown to be an independent risk factor for coronary events in high-risk men [15] .
Studies in patients undergoing hemodialysis have revealed a decreased serum PON1 activity in this population, even if it was corrected for HDL-C levels or PON1 genotypes [16] [17] [18] . Furthermore, decreased PON1 activity toward paraoxon, but not phelylacetate, was found in the only study which examined the serum PON1 activity in PD patients [18] .
PAF-AH (also termed lipoprotein-associated phospholipase A2) hydrolyzes short acyl groups at the sn-2 position of PAF and oxidized phospholipids [19] . In human plasma, PAF-AH is primarily associated with LDL particles, whereas a small proportion (<20% of total enzyme activity) is associated with HDL [19] . There has been much controversy concerning the possible role of the LDL-associated PAF-AH in atherogenesis [19] .
However, recent studies suggest that plasma levels of PAF-AH, which are proportional to its activity and mainly reflect the LDL-associated enzyme, represent an independent risk factor for coronary artery disease [20, 21] . On the contrary, HDL-associated PAF-AH (HDL-PAF AH) has been shown to protect LDL from oxidation and inhibit the biological activity of oxidized LDL, thus exhibiting atheroprotective properties [19, 22] . In the only study examining the PAF-AH activity in PD patients, it was shown that total plasma, as 6 well as HDL-associated PAF-AH activities were significantly increased in these patients compared to the control population [23] .
Thus, we undertook the present study to further examine possible alterations of PON1 activity in relation to its genetic polymorphisms, as well as of total and HDL-associated PAF-AH activities in patients undergoing PD compared with control subjects. 7 
MATERIALS AND METHODS

Study population
Our study population consisted of 56 Caucasian patients originating from Northwestern Greece on chronic ambulatory peritoneal dialysis (PD) for at least six months before their inclusion in the study. PD patients performed 4 exchanges per day with 2-liter solutions of 1.86 or 3.86% glucose, depending on the individual need for ultrafiltration. All patients had been free of peritonitis or any other infection at least 3 months preceding blood sampling. The adequacy of the dialytic treatment was evaluated by the Kt/V ratio, which ranged from 1.9 to 2.0 (weekly), while in all patients the residual renal function estimated by the average of the residual creatinine and urea clearances was <5.0 ml/min. The renal diagnosis was chronic glomerulonephritis in 11 patients, hypertensive nephropathy in 11 patients, chronic pyelonephritis in 12 patients, polycystic kidney disease in 6 patients and obstructive uropathy in 7 patients, while it remained unknown in the remaining 9 patients. 
PON1 assay
Both PON1 (paraoxonase) and PON1 (arylesterase) activities in serum were determined in the presence of 2 mM Ca +2 in 100 mM Tris-HCl buffer (pH 8.0) for paraoxon as a substrate, and in 20 mM Tris-HCl buffer (pH 8.0) for phenylacetate as a substrate, respectively, as previously described [25] .
PAF-AH assay
PAF-AH activity was measured by the trichloroacetic acid precipitation procedure [26] using as a substrate Reproducibility of PON1 (paraoxonase), PON1 (arylesterase) and PAF-AH assays was determined by intra-assay determination of coefficients of variation (CVs). The CVs for PON1 (paraoxonase) and PON1 (arylesterase) assays ranged between 6 to 8%, while the CVs for PAF-AH assays ranged between 4 to 5%.
Determination of PON1 genotypes
Genomic DNA was obtained from leukocytes using standard procedures. The PON1 Q192R and M55L polymorphisms were detected using a previously reported protocol [27] . 
Statistical analysis
Statistical analysis was performed with STATISTICA 6.0 statistical software. Allele frequencies were estimated by the gene-counting method. Chi square-test was used to compare gene frequencies, while Students' t-test for independent samples and MannWhitney U test were used to test the differences of parametric and non-parametric data, respectively, between the two study populations. The effect of the PON1 gene polymorphisms on laboratory parameters was tested using one-way analysis of variance (one-way ANOVA) followed by the LSD test for pairwise comparisons in case of significant results, except for serum PON1 (Paraoxonase), PON1 (Paraoxonase)/HDL-C and PON1 (Paraoxonase)/ApoAI, where the Kruskal-Wallis ANOVA median test was used followed by the Mann-Whitney U test for pairwise comparisons in case of significant results. Multiple linear regression analysis was performed to test the overall effect on PON1 and PAF-AH activities of genetic and other factors shown to influence these activities in univariate analysis. Log transformation of PON1 (paraoxonase) activity and serum IL-6 levels was applied because of their skewed distribution. Finally, linkage were not different between the two groups. On the other hand, PD patients exhibited significantly lower serum albumin levels and a more atherogenic lipid profile, consisting of significantly increased levels of total cholesterol, LDL-C, non HDL-C, triglycerides, apolipoproteins B and E, as well as elevated concentration of Lp(a), and decreased levels of HDL-C. Table 2 demonstrates the effect of Q192R genotypes on PON1 activity in PD patients.
RESULTS
QQ individuals exhibited the lowest activity toward paraoxon, even when corrected for HDL-C or ApoAI levels. QR patients had intermediate PON1 (paraoxonase) activity, while RR patients showed the maximum activity. PON1 activity toward phenylacetate was not influenced by the Q192R polymorphisms. Table 3 presents the effect of M55L genotypes on PON1 activity in PD patients. LL patients had the highest PON1 (paraoxonase) and PON1 (arylesterase) activities compared to LM and MM subjects, which had intermediate and minimum activities toward paraoxon and phenylacetate, respectively. The same trend remained true even after correction of PON1 activities for HDL-C or ApoAI levels.
Finally, neither Q192R nor M55L polymorphisms had any effect on the levels of serum lipid parameters (data not shown). 13 PD patients had significantly increased activities of PON1 (paraoxonase), as well as of PON1 (arylesterase) compared to control subjects ( Fig. 1A and 1B) . This difference persisted even after correction of PON1 (paraoxonase) and PON1 (arylesterase) activities for HDL-C and ApoAI levels ( Fig. 2A and 2B) , suggesting that the increase in PON1 activities in PD patients is unrelated to the alterations of HDL-C or ApoAI levels seen in this population. Furthermore, because of the powerful effect of PON1 genotypes on PON1
activities, different genotype combinations could result in different PON1 activities between the two groups. However, as shown in figure 3 , median PON1 (paraoxonase) activity remained significantly higher in PD patients, even if certain PON1 combined haplotypes between the two groups were compared. Interestingly, the most pronounced differences were observed between subjects and patients carrying the high-activity haplotypes (RL/RL). The same observations were also made for the PON1 (arylesterase) activity, as well as for the corrected PON1 (paraoxonase) and PON1 (arylesterase) activities (data not shown). Therefore, PON1 activities are increased in PD patients independently of PON1 genotypes or HDL-C and ApoAI concentrations.
Moreover, PD patients exhibited significantly increased serum IL-6 levels compared with the controls subjects (5.3±3.9 vs 1.4±0.9 ng/L, respectively, p<0.001 by the MannWhitney U test). Moreover, a significant association between serum Log IL-6 levels and Log PON1 (paraoxonase) activity (r=0.27, p=0.03), as well as between serum Log IL-6 levels and PON1 (arylesterase) activity (r=0.31, p=0.01) was found in PD patients, but not in the control subjects (r=0.11 and 0.12, respectively, p=NS). Additionally, no correlation between Log PON1 (paraoxonase) or PON1 (arylesterase) activities and glomerular filtration rate was found in our patient group (r=0.03 and 0.09, respectively, p=NS).
In a multiple linear regression model, Log PON1 (paraoxonase) activity in PD patients was independently associated with the Q192R polymorphism (b=0.51, p=0.007), M55L Moreover, as shown in table 4, PD patients had significantly elevated levels of total serum PAF-AH activity compared with the control subjects. This increase persisted after correction of total PAF-AH activity for the levels of LDL-C, ApoB and non HDL-C. The HDL-associated PAF-AH activity was also more increased in PD patients than in the controls, which insisted even after adjustment for the HDL-C and ApoAI levels (table 4) .
Finally, the ratio of HDL-PAF AH/total serum PAF-AH activities, which has been proposed to be a potential marker of atherogenicity [28] , was significantly decreased in PD patients compared to the control population. In addition, no significant associations between total serum PAF-AH or HDL-PAF AH activities and glomerular filtration rate or serum IL-6 levels were found in our patient group (data not shown).
In a multiple linear regression model, total PAF-AH activity was independently associated with the levels of ApoB (b=0.927, p=0.0000), but not with the levels of triglycerides, gender, age, BMI, smoking habit, residual renal function and duration of dialysis. On the other hand, HDL-associated PAF-AH activity was independently associated only with triglyceride levels (b=-0.60, p=0.020), but not with gender, age, duration of dialysis, BMI, residual renal function or levels of ApoAI.
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DISCUSSION
Our study clearly shows that peritoneal dialysis is associated with increased activities of PON1 (paraoxonase) and PON1 (arylesterase) compared with the control population, regardless of PON1 genetic polymorphisms or HDL-C and ApoAI concentrations.
Furthermore, PD patients exhibited elevated levels of total serum and HDL-associated PAF-AH activities, independently of possible alterations in serum lipid and lipoprotein levels, as well as a lower ratio of HDL-associated/total PAF-AH activity.
This study is the first to determine PON1 genotypes (Q192R and M55L) in PD patients.
No difference in the allele frequency between PD patients and control subjects was found.
The effect of these polymorphisms on PON1 activities did not differ from that reported in healthy populations [14] , in patients undergoing hemodialysis [29] , or in kidney transplanted recipients [30] . In summary, both polymorphisms significantly influenced PON1 (paraoxonase) activity in PD patients, but only M55L polymorphism affected PON1
(arylesterase) activity, and therefore PON1 mass [30, 31] . Finally, no effect of PON1 polymorphisms on levels of serum lipid parameters was noticed in PD patients, in disagreement with one study in Alberta Hutterites (a genetically isolated population) [32] , but in agreement with other studies in renal patients [30] .
The increased PON1 (paraoxonase) and PON1 (arylesterase) activities in PD patients in our study contradicts the previous observations of Dantoine et al, who found that serum PON1 activity towards paraoxon or 4-nitrophenyl acetate was significantly lower in PD patients compared to control subjects, whereas there was no difference in serum PON1 activity towards phenylacetate [18] . However, only a small number of PD patients (n=22)
were included in that study, while no PON1 genotyping was performed, and no correction of PON1 activities for the levels of HDL-C or ApoAI was made. Thus, because of the small number of PD patients in that study, it is possible that even small differences in 16 genotype distribution or in HDL-C levels between patients and controls could have led to these different results between the two studies.
The reasons for the observed increase in PON1 (paraoxonase) activity and estimated PON1 mass [PON1 (arylesterase) activity] in PD patients are not well understood. Firstly, liver is the main source of circulating PON1, and PD has been associated with an enhanced nonspecific hepatic protein production as a consequence of protein losses in the dialysis fluid and increased glucose load to which these patients are exposed [1, 33] . Therefore, an increased hepatic production of PON1 could be the underlying mechanism. Furthermore, interleukin-6 (IL-6) has been recently shown to up-regulate PON1 mRNA expression by hepatocytes [34] , while PD has been shown to induce an increased production of IL-6 by peripheral blood mononuclear cells [35] . Additionally, serum IL-6 levels were increased in our PD patients compared to the control subjects, while both PON1 (paraoxonase) and PON1 (arylesterase) activities were significantly associated with serum IL-6 levels in the patient group. Therefore, IL-6-mediated increase in PON1 production may also contribute to the elevated PON1 activity observed in PD patients. On the other hand, no significant association between PON1 activities and glomerular filtration rate was found, suggesting that these activities were not altered by the residual renal function.
The markedly increased total serum and HDL-associated PAF-AH activities observed in our PD patients compared to control subjects are in agreement with our previous observations [23] . In that study, we had shown that plasma PAF-AH activity was not associated with creatinine clearance in patients with mild to moderate chronic renal failure, and PAF-AH activity was more increased in PD patients than in those undergoing hemodialysis [23] . Furthermore, no significant association between PAF-AH activity and residual renal function neither in univariate nor in multivariate analysis was found in our study. These observations almost exclude the possibility that the observed increase in PAF- 17 AH activity is due to a decreased catabolism/clearance of the enzyme by the kidneys. On the other hand, total PAF-AH activity has been shown to correlate with LDL-C and ApoB levels, being preferentially located in small-dense LDL particles [28] . Therefore, the increased levels of LDL-C and ApoB in our PD patients could, at least in part, explain the observed increase in total PAF-AH activity in this population, as it is also shown by the results of multiple linear regression analysis (see above). However, the above proposed mechanism does not explain why total PAF-AH activity remains higher in the PD population than the control subjects even if it was adjusted for the levels of LDL-C and ApoB. Therefore, an increased production of PAF-AH protein in PD patients from its main cellular sources (macrophages and liver cells) may be another mechanism for the observed increase in PAF-AH activities in these patients. Indeed, it has been reported that plateletactivating factor (PAF) levels are increased in patients with renal failure [36] , while PAF has been shown to directly stimulate the synthesis and secretion of PAF-AH by the liver [37] . Additionally, the increased hepatic protein production in PD patients may contribute to the elevated PAF-AH activity. Furthermore, we cannot exclude the possibility that elevated circulating LDL particle numbers in such patients could enhance PAF-AH secretion from its cellular sources [19, 38] . In addition, levels of oxidized LDL are increased in PD patients [39] , and oxidized LDL contains PAF [40] , which can in turn stimulate liver PAF-AH secretion, as previously discussed [37] . Consequently, high LDL plasma levels, typical of PD patients, may augment secretion of PAF-AH from both macrophages and liver cells.
The reasons for the observed enrichment of HDL with PAF-AH activity in PD patients are poorly understood. An altered enzyme glycosylation in PD patients could have resulted in this HDL enrichment, since it has recently been shown that the degree of enzyme glycosylation is a factor affecting the preferential association of PAF-AH with LDL versus 18 HDL particles [41] . Furthermore, the increased PON1 activity could have contributed to the observed increase in HDL-associated PAF-AH activity, since PON1 has been shown to additionally express PAF-AH-like catalytic activity [42] .
The ratio of HDL-PAF-AH/total PAF-AH, which has been recently proposed to be a marker of the severity of hypercholesterolemia and atherogenicity [28] , was decreased in our PD patients compared to the control subjects, suggesting that the increase of the total PAF-AH activity, which mainly represents the LDL-associated enzyme, exceeds that of the HDL-PAF-AH activity [19] .
The elevated activities of PON1 and HDL-associated PAF-AH in our PD patients could explain why HDL from patients on short or long term PD treatment was more resistant to in vitro copper-mediated oxidation and auto-oxidation, while its capacity to protect LDL from oxidation was preserved [12, 43] . In vivo, however, reduced levels of HDL in PD patients could result in decreased overall HDL antioxidant capacity.
The clinical significance of the above described alterations of PON1 and PAF-AH activities in PD patients in terms of atherogenicity and prevalence of coronary events is uncertain owing to the lack of appropriate clinical studies in this population. Results from studies in the general population revealed that low PON1 (paraoxonase) activity is an independent risk factor for coronary events in high-risk men [15] . These results suggest that PON1 has a direct protective effect against CAD by preventing the oxidation of LDL [13, 15] . On the other hand, recent studies have shown that high total PAH-AH concentration is an independent risk factor for CAD in men [20] , and in both women and men with low LDL-C levels [21] . The suggested pro-atherogenic role of the LDLassociated PAF-AH may be related to its preferential location in the small dense atherogenic LDL particles [26] , and the PAF-AH-mediated release of lysophosphatidylcholine and oxidized fatty acids, which are known to exhibit 19 proatherogenic properties during LDL oxidation [19] . On the contrary, several lines of evidence suggest that HDL-associated PAF-AH activity, although much lower than that in LDL, may substantially contribute to the protection of LDL from oxidation and to the HDL-mediated inhibition of cell stimulation induced by oxidized LDL [19, 22] . In this context, based on results obtained in patients with primary hypercholesterolemia [28] and in patients with unstable angina [44] , our group has proposed that a decreased ratio of HDL-PAF AH/total PAF-AH could be a marker of atherogenicity [19] .
One limitation of our study is that we do not provide data on other specific factors, which could have contributed to the described alterations of the enzymes' activities in PD patients, such as glucose absorption, glucose homeostasis, calculated protein intake, nutritional status, inflammation markers, oxidative stress parameters and levels of antioxidants (e.g beta-carotene and alpha-tocopherol). Thus, other possible causes, as well as the consequences of these alterations have not been completely analyzed.
In conclusion, we have shown that PD patients exhibit enhanced activities of PON1, as well as total and HDL-associated PAF-AH, along with a decreased HDL-PAF AH/total PAF-AH ratio. Further prospective studies on the relationship between the altered activities of these enzymes and the occurrence of coronary events in this population, as well as on the effects of lipid-lowering drugs on these enzyme activities [45] apolipoprotein. Values were compared using the Student's t-test for independent samples. NS; not significant.
